The aim of this paper is to analyze how local and atmospheric conditions influence pollutants' distribution. Two different sites in Romania were chosen for measurement campaigns: Surlari (44° 34', 26° 19') located into a forest and near a lake, and a suburban area, Magurele (44° 21', 26° 2'), where the anthropogenic activities dominate. The same equipments for measurements of surface ozone, CO, NO 2 , NO and PM 10 were used at the two sites. The measurements were performed in the summer of 2012, for 14 days. The intercomparison between the data sets of the pollutant's concentrations has shown large differences for the two sites, especially in the case of surface ozone. The local conditions have an influence on air quality mostly due to natural sources of ozone and nitrogen oxides. The proximity of the lake and forest influence the surface ozone concentration at Surlari, while traffic and human activities influence SO 2 concentrations, at Magurele. The maximum mass concentration values are similar at the two stations, but dispersion of values is larger at Magurele. During the campaigns period, the concentration values of gaseous pollutants and particulate matter were within the optimal range, according to national air quality reglementations.
Introduction
Improved understanding of spatial and temporal variability of pollutant concentrations in atmosphere is seen as an important component of air quality management and health risk assessment (Marshall et al., 2008) . Poor air quality and pollution episodes at any location are influenced by a wide range of factors that include pollutant emission strength, meteorology, and topography. Therefore, the information about the pollutant concentrations needs to be analyzed in relationship with these factors.
Pollutants as CO, NO 2 , PM, surface ozone, and SO 2 are the main relevant sources for air pollution in the urban area, where peculiar orographic and atmospheric conditions can lead to their accumulation. In rural zones, the natural sources like crop fields, forests or canopy are responsible for the air charging with different gases (O 3 , NO 2 ) and aerosol particles (PM).
Pollutants from urban sources, such as nitrogen oxides and carbon monoxide, generated, for instance, by road traffic, are significantly reduced in concentration in adjacent rural areas. These pollutants have short atmospheric lifetimes (typically, hours) and therefore they are not transported far away from the sources.
Other pollutants like fine particles (<2.5 m diameter) and some gas-phase pollutants like ozone have atmospheric lifetimes of days or even weeks, which allow them to be carried away. This explains why the ozone concentration is sometimes larger in the vicinity of urban areas (WMO, 2006) . Similar studies were recently accomplished by Luca and Ioan (2012) , Marmureanu et al. (2011) , Mitran et al., (2012) , Nisulescu et al. (2011) , Popescu et al. (2011) , Sandu et al. (2011) , Talianu et al. (2010) , Vincze-Csom et al., (2012) , Stefan et al. (2013) but for different regions.
The aim of this paper is to analyze and compare the air quality in two different areas, rural and suburban, using measurements performed during the 14 days campaign in the summer of 2012. The two locations and the sources of pollution are described in Section 2. Details on instrumentation and the methodology used for measurements are presented in the same section. The results of the analysis and intercomparison are discussed in Section 3, and the related conclusions are summarized in the final section of the paper.
Data and methodology

Data
The measurements were performed during the summer of 2012 in two locations: in a suburban area, Magurele, South east of Bucharest and in a background region, Surlari, located 30 km North of Bucharest, in a forest and near a lake.
Magurele, a suburban area of Bucharest, have various sources related to traffic, agricultural practices, aerosols generated by burning of biomass and factories. In addition, the influence of a power plant in south east Bucharest needs to be considered too (Mihai and Ştefan, 2011) .
The Didactic and Research Station of the Faculty of Physics, University of Bucharest is located in Surlari within a forest, near a lake and agricultural areas. In this environment the sources of gases and aerosol particles are generally natural sources. The main sources of natural aerosols include wind-blown dust and soil particles, lake spray and biological material, such as pollen and fungal spores (EMEP Report, 2006) . Another well-known natural contribution to air pollution is the release of biogenic VOC (Volatile Organics Compounds) from trees and other kinds of vegetation. These substances, like isoprene, terpenes and other constituents, contribute to the production of both tropospheric ozone and secondary organic PM (WMO, 2006) .
During the campaign, we measured air pollutants such as NO, NO 2 , SO 2 , PM as primary pollutants and O 3 and PM as secondary pollutants. Surface ozone is a secondary pollutant and it is formed in the troposphere as a result of atmospheric chemical reactions (Harrison, 2001 ) (Eq. 1):
Since the second reaction depends on sunshine, it becomes ineffective at night, and if there is sufficient ozone present, the first reaction can convert all nitric oxide to nitrogen dioxide, a process which often occurs in rural areas (Seinfeld and Pandis, 1998) .
Methodology
Similar equipments were used for acquiring data, to monitor air quality in the two locations. In Magurele we measure with SO 2 and O 3 Horiba monitors, and Aerosol Particle Sizer (APS) for collecting particle concentrations. At Surlari site, Horiba monitors (model 370) for detecting SO 2 , O 3 , NOx, CO and DustTrak to collect particle concentrations were placed in a van equipped with meteorological sensors (air temperature, humidity, pressure, wind direction and speed).
Horiba monitors measured during the entire period, with 3 minutes temporal resolution, at both sites using following high precision equipments and methods:
• Horiba APSA370 and APSA350E for measuring SO 2 concentration; the principle of measurement is UV fluorescence, and the reference method: EN 14212:2005.
• Horiba APNA370 for measuring NO, NO 2 and NOx concentration: the principle of measurement is chemiluminescence, and the reference method: EN 14211:2005.
• Horiba APOA370 and APOA350E for measuring O 3 concentration: the principle of measurement is UV photometry, and the reference method: EN 14625:2005.
• Horiba APMA370 for measuring CO concentration: the principle of measurement is NDIR (Non Dispersive Infrared), and the reference method EN 14626:2005.
Aerosol Particle Sizer (APS) measured continuously the particle concentration of environmental air within the 0.5 -20 μm range, with a very good precision (0.02 μm for small particles, to 0.03 μm for large particles). The measurement technique is based on the time-of-flight of each particle, which is measured in an accelerating flow field.
DustTrak Aerosol Monitor model 8530 is a desktop, battery-operated, light-scattering laser photometer (www.airmet.com.au/Product/Dusttrak-II-8530-Aerosol-Monitor.aspx) that can provide realtime particle mass readings. The particle size range goes from 0.1 to 10 μm, with an aerosol concentration range from 1 μg/m 3 to 400 mg/m 3 and a resolution of 0.1% from current reading (or 1μg/m 3 ). The temporal resolution can be adjusted from 1 s to 1 h. The data sets from the two locations had different temporal resolutions, so they were processed afterwards with simple averaging methods. The graphs were built with dedicated software. For ozone data, the Fourier analysis was performed to detect periodicities in data files.
Results and discussions
In this study, the data analysis was generally based on one-hour averages of values from the data sets, during the entire campaign.
Overview of the time series of CO, SO 2 and NOx
CO
Carbon monoxide (CO) is a very harmful gas for human health if present in high concentrations, and it can result from the incomplete combustion of fossil fuels and biofuels. The values recorded at Surlari, were represented in Fig.1a -diurnal variations, all values at 3 min. resolution and Fig.1b -hourly averaged data during the days of campaign. In Fig.  1a) Fig. 1b) shows the time evolution of CO concentration for the entire period. One can see the large variation of CO mass concentration.
An ascendant trend of mass concentration was observed between August 21 and August 25 with a slope of (0.0220  0.0014) gm -3 /hour. Then, after an abruptly decrease on August 26, another increase was detected on August 29 and a small variation until September 03, when the mass concentration value reached 0.29 g m -3 (Fig. 1b) . This behavior is explained by the chemistry of secondary organic aerosol (SOA) generation (Seinfeld and Pandis, 1998) . The diurnal variation is emphasized by the time series observations. The highest CO mass concentrations were measured on August 25 and August 26 during night, before sunrise until 8 a.m and then in the afternoon of August 26, at 2 p.m, when it decreased abruptly during and after a planned experiment which will be presented in section 3.4.
SO 2
Another gaseous pollutant dangerous for human health and vegetation is sulfur dioxide. The SO 2 concentration was measured over the entire interval in both locations, using Horiba monitors.
The 
NO, NO 2 , NOx
The measurements of these nitrogen oxides during the campaign were made only at Surlari, because of the lack of appropriate instruments at Magurele. First of all, the statistical parameters for mass concentrations recordings of these pollutants were computed (Table 1) .
The hourly concentration averages for NO, NO 2 , NOx are represented in Fig. 2a) for the entire period of the campaign, at Surlari (August 21 to September 04). 
Surface Ozone and nitrogen oxides
It is well known that the tropospheric ozone is produced by the photochemical reactions of volatile organic compounds (VOCs) and nitrogen oxides, with NOx playing the role of catalyst in the chain reactions for ozone production (Seinfeld and Pandis, 2008) .
The measurements of surface ozone performed during the summer campaign at Surlari and Magurele showed the importance of local conditions in generation/destruction of ozone. The surface ozone time series are presented in Fig. 3a .
One The dispersion of mass concentration values is larger at Magurele than at Surlari, as is shown by the standard deviation and coefficients of variation, the statistical measures of the dispersion of data points in a data series around the mean. The skewness reflecting the asymmetry of the distribution shows that the data are spread out to the right of the mean more at Surlari, than at Magurele.
One of ozone characteristic due to its way of generation is time periodicity. The periodicity is emphasized by using statistical methods such as spectral analysis and the wavelet method (Fig. 3b) . Frequency analysis was performed using the Spectrum package (Schulz and Stattegger, 1997) . Time-frequency analysis was done using smoothed pseudo Wigner-Ville distribution (Time-frequency toolbox, Auger et al., 2006) . The linear trend was subtracted prior to both frequency and timefrequency analyses.
The frequency distribution shows a dominant 24-hour periodicity. Its 12-hours first harmonic is also visible. Time-frequency analysis displays the presence of a 24-hour periodicity over the entire measurements interval, with higher amplitudes during the first half of the latter. The 12-hours periodicity is visible only for the first 5 days, in both time series.
In Fig. 4 , diurnal O 3 variation is represented, along with the ones of NO, NO 2 and NOx to see the relation between them.
Ozone observations in and around major urban areas show strong diurnal variations (WHO, 2006) . In this case, at Surlari, the diurnal cycle of the average ozone concentration can be noticed (Fig. 4) , with an average maximum of (145.30  22.94) μg/m 3 at its peak at noontime and a typical minimum of 10 μg/m 3 at sunrise. This result is in accordance with the European sites studies showing that, in general, the lowest concentrations can be found in early morning and the highest in the afternoon (Fjaeraa and Hjellbrekke, 2007) . Chameides et al. (1988) has shown that the highest surface-ozone concentrations in the rural areas can also be explained by the chemical reactions between NO from anthropogenic sources and natural CH 4 . Contrary, the concentrations of the nitrogen oxides have decreased, from morning toward afternoon. This decline in the levels of nitrogen oxides is attributed to dispersion by enhanced vertical mixing in the boundary layer. The increase in NO 2 during the afternoon is explained by the titration effect: O 3 is abundant, and in this case it reacts with nitric oxide, which oxidizes it to nitrogen dioxide (the first reaction in Eq.1).
Particulate Matter
Particulate matter concentrations were measured in the two locations: at Surlari with DustTrak, and at Magurele with Aerosol Particle Sizer. Fig. 5 shows, for PM 2.5 and PM 10 , a comparison between values recorded on each location, with higher values for PM concentrations in Surlari only at the time of anthropogenic experiment. The concentration levels are below threshold values, according to EU directives: information for one day for PM 10 is 50 μg/m 3 and for one day for PM 2.5 is 25 μg/m 3 .
In Fig. 9 a-b one can see the differences between the temporal evolutions of PM concentrations at the two stations; at Magurele, in the first part of the interval, the concentrations increase, and then starting on August 26 the concentration values have a small variation around the mean value. The variations of concentration values at Surlari are abrupt from day to day, with the highest values on August 26, when an experiment for anthropogenic pollution by biomass burning was made by us.
Pollution event at Surlari, on August 26
In order to improve the understanding of pollution with nitrogen oxides and of surface ozone in various local conditions, an experiment was carried out at Surlari.
In this experiment, on August 26, a fire was made and biomass was burned to simulate an anthropogenic pollution event. In this study, the analysis was focused on the data of surface ozone, aerosol particles (PM) and nitrogen oxides data.
The meteorological factors were also taken into account. Also, measurements performed in Magurele were used for comparison. In Fig. 6a ), one can see the variations of pollutant concentrations during the time of the biomass burning event. The nitrogen oxides increased and decreased abruptly in two hours (from 15 to 17), and similarly the PM particles too (Fig. 6b) . The surface ozone in this interval has decreased from 140 g/m 3 to 100 g/m 3 . The explanation consists in the formation of NO 2 (the first reaction in Eq.1). The influence of nitrogen oxides on surface ozone can be observed on August 26 when, the values of nitrogen oxides have a peak at hour 14 (UT) and the O 3 mass concentration sudden decreases (Fig. 6a) . 
Meteorological aspects
It is known that the meteorological conditions and local climate influence the diurnal and daily variations of the pollutants' mass concentrations. In this study, the time series of the air pollutant suggested that the variation in mass concentration during the first five days should have been dominated by the transport of polluted air mass.
This assertion is supported by the meteorological parameters measured at the two stations (Figs.7 and 8 ) and by back-trajectories (Fig.  9a) , as follows. The values of temperature, relative humidity and irradiance have had the same diurnal variations until August 27 (Figs.7 and 8); the backtrajectories have shown an aged air mass which in the previous days was advected from the east-north-east, after passing over the Black Sea.
Therefore, the event of biomass burning which was carried out on the 26 th , visible in the variations of the pollutant mass concentrations, was not affected by meteorological factors. Starting with the morning of August 27, one can see that the meteorological parameters changed (Figs. 7 and 8) at both site. Temperature has decreased from 37 to 30 Celsius, and the relative humidity has increased with 40%, at Magurele.
Due to the atmospheric conditions ( Fig. 9b-(www.wetter3.de) , the temperature and relative humidity have had a similar behavior, at Surlari.
This happened because at high altitude, the trough of a deep low was extended over Romania (Fig. 9b) and the mean sea level pressure decreased abruptly (Figs. 9a and 7b ). 
Conclusions
Ground-based measurements of several pollutants: nitrogen oxides, aerosols (PM) and ozone, made during August 26 and September 04, 2012 at the Didactic and Research Station of the Faculty of Physics of the University of Bucharest, at Surlari and RADO (INOE) Magurele have shown the importance of local conditions and anthropogenic factors in air quality analysis.
The differences between the two locations related to air quality are mostly due to natural sources of ozone and nitrogen oxides from Surlari.
The proximity of the lake and forest influence surface ozone concentration at Surlari, while traffic and human activities influence SO 2 at Magurele.
The maximum mass concentration values of the pollutants are similar at the two stations, but dispersion of values are larger at Magurele due to the traffic and industrial sources. The meteorological factors influence the pollutant mass concentrations by increasing the dispersion processes and also dry and wet depositions. During the campaign period, the concentration values of gaseous pollutants and particulate matter were within the optimal range, according to national air quality legislation.
